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ABSTRACT

The objective of this paper isto present the background work underlying the definition of hospital
peer groups. The groups are defined for financing purposes. The grouping procedur e takes into
account the fixed component of hospital expenditures, independently of production, quality of
provison or efficiency. Classification of hospitals into groups means that we want to group
together “similar” hospitals. The set of hospital characteristics was selected on the bass of
previous studies performed on hospital grouping, and considering the available infor mation as well
as its quality. The hierachical cluster analysis chosen creates partitions which allow an easy
mer ging of the groups created to the desired number of groups. Several agglomerative algorithms
wer e tested, namely: the aver age distance between groups, the aver age distance intra groups, single
linkage, complete linkage, centroid, median and ward method. Initially, there are n single groups
(each observation in a group of one element only) and, for one, its most similar pair is picked to
form a new group. Theresulting groups wer e submitted to the panedl of experts, which were asked
to validate the resulting groups, bearing in mind the methodology used, the number of groups and
their constitution. In order to compare the different methodologies used, and to measure the
impact of changes suggested as well as of future political decisons, two measures were
implemented: the minimum-variance type of measure (vm) and digunction measures. Based on all
the previous results, the choice of the pane of experts fell on coding using the same amplitude
intervals and the creation of two groups for a set of outlier hospitals and three groups for the
remaining population. A final, residual, group of hospitals includes hospitals presenting very
specific characteristicsthat interferein the homogeneity of the groups formed.

KEYWORDS: Portugal; Hosptal Peer Groups; Hierachical Cluster Analysis; Minimum Variance
Measur e, Digunction M easures.

NB: Tablesindicated with roman numbers are not essential to the understanding of the text and can be found in the
web page of the Journal.

INTRODUCTION

Since the implementation of DRGs in Portugal the need to group hospitals arose from the recognition
that variations in production costs associated with teaching/research status and/or production structure
(number of beds, human resources, specidities, etc.) were large and not related with efficiency or quality
of care. This fact determined that the payment of DRG rates should be based on average production
costs of hospital peer groups.

So far, the grouping methodology has been based on an existing administrative classification of hospitals
(central and didtrict). This classification was further readjusted by observation of outlier values of
casemix index and cost per patient of individual hospitals. Five groups of hospitals were determined,
based on these considerations. To each group was given a different financia treatment. The definition of
these groups has been criticised by many hospitals, which claimed to have high cost structures, related to
therole that they fulfil in the health system, that were not adequately accounted for by the variables used,
namely, casemix index and cost per case.
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The objective of this paper is to present the background work underlying the redefinition of hospital peer
groups mainly for financing purposes. The goal was to cevelop a modd that described, in a global and
comprehensive way, the fixed component of the hospitals expenditures independently of production,
quality of provision or efficiency. In our point of view, the variable component, associated with the
production, is already reflected in the current funding model through DRG payments. Therefore, beyond
the financial purposes, this new grouping will allow more accurate comparisons of institutions and the set
up of reference values for performance, efficiency and quality benchmarking.

Statistical tools used to build the groups were based on the multivariate anaysis — clusters analysis - and
have the ability to distinguish information and highlight the underlying structure of the analysed objects,
i.e., evidence similar subjects. The development of this work was composed by several stages, described
below. Different sets of assumptions were considered, to evaluate the reliability and stability of the
results.

Considering the limitations of statistical information & an adequate way of getting a good snapshot for
every single hospital, moreover through such a few variables, the need of another kind of information
was felt. Thus, a panel of experts in hospital management was brought in to evaluate results obtained
from different approaches, at distinct stages, in a very interactive process, and adding what we called
exogenous information.

The fina groups obtained are substantidly different from the ones based upon the administrative
classification, what justifies the existing doubts concerning their validity for financing purposes.

DATA AND METHODOLOGY

Classification of hospitals into groups means that we want to group together “similar” hospitals. Thus
implies the definition of a set of characteristics, over which we will build the grouping. The set of
hospital characteristics was defined taking into account studies performed on hospital grouping, and
considering the available information as well as its quaity. The information constraints always play an
important role in applications. Also here, the availability of information will dictate some options. The
characteristics chosen to reflect the structure/complexity of institutions were dimension, diversity and
casemix of care provided and available resources. Structure and complexity are not straightforward
measurable therefore they had to be ascertained through a set of what we believe to be relevant
characteristics.

The process of selecting variables was done having in mind the desire to minimise the influence of
factors such as productivity, management of hospital resources, quality of care provided and efficiency,
considering that these may vary widely in similar hospital structures.

Considering the universe of Portuguese hospitals (90 NHS ingtitutions) it was our objective to investigate
the underlying structure within the set of objects, in order to create a limited number of hospital groups
(between five and eight). To achieve this, a multivariate analysis approach was performed, with emphasis
on classificaion methods, allowing a more efficient organisation of the information and an easier
assignment of new objects. In thiskind of analysis, one of the major problemsis usually the mixed nature
of the data used (different units). To overcome that, all variables have to be converted into comparable
units.

Previous to the present work there were two initial studies. In one of them, the numeric variables were
categorised into intervals of equal length, respecting Sturges' rule which enables the relationship between
the number of objects and the number of intervals that will be determined. In another one, scores (ranks)
were assigned to objects’ attributes, i.e., each variable is sorted by the observed vaues, starting from the
lowest, which is given position number 1, to the highest, n, where nis the number of observations.
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In spite of some agreement between both, the existing divergences were relevant enough to deserve
further discussion. In order to understand what was causing such different results — differences of
statistical methodology or differencesin raw data — the first decision was to use the same matrix of raw
data, and to keep both coding methodol ogies (same amplitude intervals and ranks) to control for potential
distortion introduced by the conversion of data.

Considering the purpose, the available information, the variables included in previous studies and the
panel of experts opinion, the selected variables to group hospitals are shown in table 1.

Table 1. Selected variables

1. No. of beds BED: translates a hospital’ s size, excluding the emergency service beds, new-
borns cradles, recovery beds and intensive care and burning care beds.
2. No. of beds in special | SPE_BEDS: in away is afirst approach to the casemix of the care provided,
units corresponds to the number of beds in the intensive unit and burning unit.
3. Casemix index CMI: this index, which is fundamental for the determination of a hospital’s
budget, is based in the inpatient production measured through DRGs and it
allow us to compare a hospital with all the others in terms of the patients’
complexity and, consequently, in terms of resource consumption.
4. No. of physicians and PHYNUR: translates the personnel allocated to the hospital, it is a simple

nurses counting of the number of physicians and nurses working there.
5. No. of DRGs FAN: counts the number of distinct DRG that the hospital presents and
enables us to evaluate the diversity of the provided care.
6. Percentage of episodes | DSDRGS: The existence of a surgical procedure is a variable, which

of care grouped in influences the grouping of an episode of care in a DRG. The existence of a
“differentiated” medical act of this nature is significant for the implications in costs,
surgical DRGs considering that it is connected with the use of the surgical theatre, recovery

room and, eventually, after surgery intensive care. Therefore, it was selected a
set of surgical DRGs (Annex 2) which are supposed to translate a larger
consumption of resources in an institution, considering their proportion in the
total inpatient production.
7. Type of diagnoses and DTA: counts the types of diagnoses and therapeutic ancillaries existing in
therapeutic ancillaries each institution and indicates the available resources and their diversity. For
this study ten areas/types of ancillaries were considered: 1) pathologic
anatomy; 2) angiography; 3) endoscopy; 4) immuno-hemotherapy; 5)
lithotripsy; 6) nuclear medicine; 7) radiotherapy; 8) X-rays, 9) magnetic
resonance imaging; 10) computerised axial tomography. The diagnoses and
therapeutic ancillaries selected were, in their mgjority, considered as the more
differentiated, when evaluating the existing resources and the care provided in
the institution.

The source used to collect the data were the Statistics of the General Directorate of Health (1997), except
for the oncology institutes, where the source was the National Institute of Statistics. The variables
casemix index, percentage of episodes of care grouped in “differentiated” surgical DRGs and number of
distinct DRGs were collected from DRGs national database, for the same year.

Finding outliers

Detection of outlier cases was performed by geometrical techniques, which allowed the representation of
the subjects as points in a low-dimensiona euclidian space, having the property that smilars are
presented close together. To the observer, the outlier data assessment becomes possible athough there is
the risk of discarding potentia information.
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Clustering of hospitals

There are severa techniques to cluster and the option fell on the hierarchical one. This creates partitions
which alow an easy merging of the groups created to the desired number of groups. Nevertheess, it
should be noted that they are blind for the reallocation of objects that may have been “incorrectly”
grouped at an earlier stage.

Classification methods require the replacement of the raw matrix data, where every individua is
described by several attributes, for a matrix of dissimilarity values. In this preliminary step the accuracy
of the chosen measure plays an important role.

The sguared euclidean distance was applied to the data matrixes obtained from coding, to build the
dissmilarity matrixes. Severa agglomerative algorithms were tested, namely: the average distance
between groups, the average distance intra groups, single linkage, complete linkage, centroid, median
and ward method. These methods are iterative processes. Initidly, there are n single groups (each
observation in a group of one element only) and, for one, its most similar pair is picked to form a new
group. Subsequently, the dissimilarities between the new group and the other groups are again
recalculated (ex.: the minimum, the maximum, the mean,...).

To guarantee the stability of the groups it was decided that the final results would be achieved by the
intersection of different agglomerative methods.

GROUPING HOSPITALS

In the first stage of the study the two maternities, the two orthopedic hospitals, the pneumology and
infectious diseases and the ophthalmology hospital were not analysed because the pand of experts
considered them to be very different from the rest of the population. Having as a basis a data matrix with
a dimension (84 x 7) and after a simple descriptive anaysis it was found that the population under
analysis was, not surprisingly, heterogeneous.

Fifteen outlier hospitals were found using multidimensional scaling and principa co-ordinates analysis
and were coincident in both techniques. This set of hospitalsis, in a coherent way, distinct from the rest
of the population; however, it is not homogeneous in its elements. Because of this, the group was studied
apart from the rest although with the same dtatistical tools.

The comparison of coding methods resuts enables the evaluation of the distortion impact introduced into
the origina information. Using equal length intervals transformation, clusters are senstive to the
presence of subjects presenting behaviours distinct from the rest of the population. Onthe contrary, ranks
turn the distances between subjects uniform, attenuating the real differences of raw data

Therefore, a first proposa for groups was created and it was found that there was a high agreement
between the different methodol ogies used to group hospitals. The resulting groups were submitted to the
panel of experts, which were asked to validate the resulting groups, bearing in mind the methodol ogy
used, the number of groups and their constitution.

From tables V to VIII we can see that the experts suggestions originated the changes shown in figure 1.

In order to compare the different methodologies used, and to measure the impact of the changes
suggested as well as of future political decisions, two measures were implemented: the minimum
variance measure (vm) and digunction measures. These measures intend to provide a fegling to how
much statistical performance is gained/lost by ad-hoc adjustments. In our setting, thisis a quite important
issue. It isvirtualy impossible to reflect all heterogeneity of hospitalsin a small number of groups, and
the small set of characteristics does not fully reflect all differences across hospitals. Thus, the use of
exogenous information should not be discarded. These measures give away to evauate the value of such



CASEMIX, Volume 2, Number 2, 30" June 2000 43

exogenous information, described as suggested changes in hospital groups. Note that these measures do
not coincide with the objective functions associated with the methods used for grouping.

Figure 1. Changes proposed by the experts

- Groups
Table 1 2 3 4
4 —outlier
4 —outlier
5—remaining

6 —remaining

7 —remaining

Legend: The shadow means the number of groups present in each table.
— unsclected table I — sclected tables

Minimum variance measure, vm, intends to ascertain the degree of variance of each grouping
methodology. It should be noted that it is not surprisingly to obtain values of vm smaller than those in
the origina groups do for each of the methodologies. This occurs because cluster methods do not
minimise the variance inside each group but rather attempt to reduce the dissimilarities between the
elements of each group.

From the analysis of Table IX it is possible to observe a better performance of coding A in relation to
coding B. In both methodologies, the better value of minimum variance measure occurs when changes
respecting suggestions c1) and c2) are done.

Taking into account the suggestions of the experts, vm was calculated for methodology B with 6 groups
(Table X).

Values from Tables IX and X are not comparable because the number of groups is different. However, it
is possible to observe that the lowest value of vm is achieved, once again, when we do all the changes
suggested but the one concerning H 89.

The second measure implemented, a digunction measure, makes the split between two groups
measurable and is called digunction measure between group i and group j - D;;.

When evaluating the results of this measure, in the different hypothess, it was found that the change of
group of H 63 had positive effects in the digunction of the different groups. For the remaining changes,
that was not verified.

Statistical evaluation of the ungrouped subjects

For the hospitals withdrawn from the population under analysis, severa insertions in the groups obtained
were smulated through discriminant analysis. This type of analysis assign new cases to one of the
mutually exclusive groups previously defined, minimising the probability of a misclassification from a
normal multivariate probabilistic model. Through the adjustment test of Kolmogorov-Smirnov, the
Skewness and Kurtosis coefficients and graphical analysis (Q — Q plot and histograms), it was concluded
that the variables did not come from a norma multivariate distribution. Thus, the results from the
discriminant analysis were not reliable and moreover inconsistent.

These partitions of the hospitals into a fixed number of digoint groups, might not be the most accurate
adjustment to the underlying data structure, it can even be inappropriate to oblige an object to belong to
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only one group. That is what happens in the presence of objects, like the ungroupable hospitals, which
probably have a degree of membership in several categories.

Final groups evaluation

Based on al the previous results, the choice of the pane of experts fell on coding using the same
amplitude intervals and the creation of two groups for the outlier hospitals and three groups for the
remaining population.

Nevertheless, after a final evaluation d the results obtained the final changes shown in figure 2 were
done.

Figure 2. Final changes

Groups
Table 1 2 3 4 5
Hia [,
“ H 63
— | HB2
— T HS81
Fina Table H3—”—
H18—T
H 23
H 70

Again, these groups were evauated by the statistical measures described above and the results shown in
table 2 were found:

Table 2. Minimum Variance Measure (vm)

Contribution Original Change
Group Vim (%) Vmg (%) 9
1 461,6 11,8% 461,6 0%
2 1512,6 38,8% 1512,6 0%
3 1089,2 27,9% 1060,7 2,6%
4 568,8 14,6% 659,2 -15,9%
5 265,6 6,8% 384,0 -44,6%
Grouping 3897.8 100,00% 4078,1 -4,6%

Thus, it is concluded that groups 2 and 3 are the most heterogeneous and that the apparent homogeneity
of group 1 is due, mainly, to the fact that it includes only 3 hospitals. Once groups are ordered by the
hospitals' dimension - except for groups 2 and 3 which were also ordered by casemix - it ispossibleto
infer that alarge dimension implies a higher heterogeneity within groups.

Andysing this table and considering a certain order among groups, it could be expected that, across lines,
the vaue of the measures would rise and, across columns, a symmetric behaviour would occur. However,
the digunction between group 1 and 3 and between group 5 and 2 does not fulfil this expectation. This
can be explained by the group’s composition, for instance, hospitals belonging to groups 1 and 3 are al
genera hospitals and in group 2 we have some speciaised ingtitutions (table 3).
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Table 3. Measure of disunction ( Djy)
Dj; 2 3 4 5
1 3,758 2,669 5739 7,337

2 0,772 1,100 1,143
3 1,178 1,425
4 0,741

The differences between the actual groups and the administrative ones can be ascertained through the
comparison of tables X11 and XIII.

The statistical evaluation of the administrative groups is shown in table 4 and 5.

Table 4. Minimum Variance Measure (vm) for the administrative groups

Contribution
Group Vim (%)
1 110,23 1,87%
2 3337,82 56,62%
3 425,48 7,22%
4 1615,37 27,40%
5 406,52 6,90%
Grouping 5895,42 100,00%

Table 5. Measure of disjunction ( D;) for the administrative groups
Dj; 2 3 4 5
1 0,660 0,389 1,345 1,334

2 0,418 0,658 0,833
3 0,382 0,477
4 0,732

In spite of the fact that we have the same number of groups, values are not straightly comparable because
subjects included in each group are not the same for the administrative partition and the final one.

However, it is possible to notice that the variance of the administrative classification is greater than the
variance of the fina classification achieved in 51%. Moreover, it is adso evident a larger digunction
between the final groups created than in the administrative ones.

CONCLUSION

The development of the present study respected the different stages required to achieve consistent and
homogeneous hospital peer groups, namely selecting the variables which will be used in the model, as
well as the discussion and validation of the results. The multivariate analysis performed clearly showed
that the set of NHS hospitals includes very dissimilar redlities not aways comparable. According to the
methods used and the chosen coding (same amplitude intervals) the existence of standardised groups was
observed, as well as the existence of some unstable hospitals in the groups. There is still a residua group
of hospitals presenting characteristics that interfere in the homogeneity of the groups formed.

The resulting hospital groups are expected to explain, to a large extent, variations between hospitals
associated with their structure costs and their role in the health sector. In this respect, the new peer
grouping will contribute to improve the performance of the current NHS DRG funding system
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Nonetheless, we should not forget that hospitals are organisations in mutation and permanent adaptation.
A hospital is by nature an open system that is influenced by and influences the environment in which it
operates. Therefore, hospital peer grouping should be a dynamic work and the present results are
fundamental for future enhancements of grouping methodologies, namely fuzzy sets. This technique is
more adequate to classify objects that lay continuoudy in the multidimensional space, avoiding the fixed-
boundary problem typica of conventional clustering approach. Thisisleft for future work.
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